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(54) Removing fluorine front semiconductor processing exhaust gas 



(57) Fluorine is removed from exhaust gas coming 
from a cleaning, etching or GVD operation in semicon- 
ductor fabrication by passing the gas through a fixed bed 
of activated alumina having a high total pore volume 
while maintaining the fluorine level of the gas passing 



into the alumina bed at 4 volume percent or less. Nitro- 
gen can be added to the exhaust gas to control fluorine 
concentration. Using alumina having an initial total pore 
volume above 0.35 cc/gm and limiting the fluorine level 
in the exhaust gas enables the fixed bed to operate with- 
out undue plugging or sintering. 
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Description 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] Not applicable. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0002] Not applicable. 

BACKGROUND OF THE INVENTION 

[0003] This invention relates to a method of rennoving 
fluorine present in exhaust gas from a semiconductor 
manufacturing operation. In another aspect, it relates to 
a method of using a fixed bed of activated alumina to 
remove fluorine and trace fluorine compounds present 
in such exhaust gases. 

[0004] in semiconductor fabrication processes, con'o- 
sive gases are used to clean process equipment and 
semiconductor wafers, to etch substrates and for chem- 
ical vapor deposition (GVD). Handling the exhaust gas- 
es from such operations in a way that protects the en- 
vironment and workers' liealth is a major concem. 
Chemicals present In these exhaust gases are frequent- 
ly toxic and hazardous so that the waste exhaust stream 
cannot be vented Into the atmosphere without prior 
treatment. 

[0005] For example, perfluoro-compounds (PFC's) 
such as CF4 and CgFe are commonly used to clean 
chambers used for CVD or etching. This cleaning proc- 
ess only partially consumes the PFC's which are a threat 
to the environment and cannot be released into the at- 
mosphere. PFC emissions by the industry can be re- 
duced orelimlnated altogether by using free fluorine gas 
for chamber cleaning. Handling fluorine safely can be 
simplified by supplying nitrogen trifluoride (NF3) to the 
fabrication plant and dissociating it into nitrogen and flu- 
orine radicals just prior to use with microwave-generat- 
ed plasma. This operation, whiph is described in U.S. 
Patent No. 6,029,602 issued February 29, 2000 to Y. K. 
Bhatnagar, produces free fluorine radicals which are ef- 
fective in removing unwanted deposits. 
[0006] While this approach eliminates PFC emis- 
sions, It Introduces another problem of how to deal with 
unreacted fluorine in exhaust gases. The microwave- 
generBted plasma destroys essentially all of the NF3. 
but significant quantities of F2 remain in the gas stream 
exiting the treating chamber. This F2 and trace amounts 
of HF also present have to be removed by treating the 
exhaust gases before venting. 
[0007] Several methods for removing fluorine from 
process gas streams have been proposed. A common 
method in use involves scrubbing the exhaust gases 
with caustic solution to fonn fluoride salts. Although wet 
scrubbing is efficient for removing F2, It generates large 
amounts of liquid-slurry wastes that require further treat- 



ment before disposal, in addition, caustic scrubbers can 
generate toxic byproducts such as OF2 and NOF3, rais- 
ing safety concerns. This method of treatment is de- 
scribed by Netzer, "Fiuorihe Disposal Processes for Nu- 

5 clear Applications", issued by Goodyear Atomic Corpo- 
ration acting under contract with The U.S. Energy Re- 
search and Development Administration, April, 1977.. 
This report summarizes advantages and disadvantages 
of various processes for the removal of fluorine from the 

10 effluent of a uranium oxide conversion facility. Two 
methods that are favored by the author are the use of a 
fluidized bed of alumina and caustic scrubbing with the 
fluldized bed method considered superior because of 
nuclear safety considerations. Other methods consid- 

15 ered but eliminated as possibilities for various reasons 
include packed beds of alumina, soda ash or lime (beds 
plug frequently and much manpower is required to emp- 
ty and refill chambers), packed charcoal (possibility of 
explosion or toxic gas fomnation), burning with hydrogen 

20 (corrosion and toxic gas fonnation), reaction with am- 
monia (fomns toxic nitrogen trifluoride), reaction with 
steam (severe con'osion and explosion hazards), and 
reaction with uranium tetrafluoride (reactor plugging). 
[0008] Holmes et al., "Fluidized Bed Disposal of Flu- 

25 orine", /& EC Process Design and Development, Vol. 6, 
No. 4, (1967) address the problem of removing fluorine 
from a gas stream from nuclear fuel reprocessing. The 
process proposed Is the use of a fluidized bed of acti- 
vated alumina at a temperature between 300 and 400 

30 °c. Use of packed beds of alumina is said to result In 
sintering with a consequent loss in either throughput or 
capacity. Heat transfer inside such packed beds is nor- 
maliy not adequate and the fluoridation reaction can 
generate enough heat to cause the bed to cake up. 

35 [0009] Current technology in the semiconductor In- 
dustry removes F2 by burning it with hydrogen or meth- 
ane, thereby converting the Fg to HF which is then re- 
moved by wet scnjbbing. This technique merely substi- 
tutes one removal problem for another and does not 

40 avoid the disadvantages associated with wet scrubbing. 
The use of fluidized beds of alumina to remove Fg as 
recommended by Netzer and Holmes et al. forthe atom- 
ic energy industry would not be practical for semicon- 
ductor fabrication. In the process investigated by Holm- 

45 es et al. theflow rate was limltedto 1 .25 to 1 .65 minimum 
fluidization velocity to avoid excessive solids carryover 
and ensure F2 destruction efficiency. This velocity limi- 
tation calls for a reactor with a large cross-sectional area 
that would take up considerable floor space. Space is 

50 precious in a semiconductor fabrication facility where 
carefully controlled cleanliness is essential. Further- 
more, attrition is inherent in a fluidized bed reactor and 
special devices would be required to handle fines gen- 
erated to keep them from contaminating the work area, 

55 [0010] In the literature on semiconductor processes, 
a number of methods have been suggested for dealing 
with removal of NF3 rather than F2 from exhaust 
streams. For example, Japanese Patent Application No. 



2 



3 



EP 1 201 291 A1 



4 



61 -78863 (Publ. 1 990) describes treating nitrogen triflu- 
orlde in waste gas from a semiconductor manufacturing 
operation witli cariDon lumps, such as activated carbon 
or charcoal to produce carbon tetrafluoride and nitrogen 
which are not toxic. Japanese Patent Application No. 
4-288479 (Pubi. 1994) discloses treating a gas contain- 
ing nitrogen fluorides from a semiconductor production 
process with a cleaning agent based on metallic zinc 
and/or metallic aluminum which can be mixed with inor- 
ganic materials such as alumina and slilca. The temper- 
ature of contact must be below the melting temperature 
of the metals. 

[0011] Iwata et aL, U.S. Patent No. 5,417,948 (1995) 
disclose a process for cleaning a gas containing NF3 
using zirconium or a zirconium alloy. Vileno et al., "Ther- 
mal Decomposition of NF3 by Ti, SI, and Sn Powders", 
Chemical Materials, 7, pp. 683-687 (1 995) describe re- 
moval of NFS from effluent gases from cleaning and 
etching operations that use NF3 in the semiconductor 
Industry. Titanium, silicon and tin powders were studied 
in reactions with NF3 to produce nitrogen gas and the 
corresponding metal fluoride which then requires trap- 
ping in an alkaline solution. Vileno et al., "Themnal De- 
composition of NFS with Various Oxides'*, Chemical Ma- 
terials, B, pp. 1217-1221 (1996) describe the use of alu- 
mina as a getter for NF3 in off-gases from cleaning and 
etching operations In the semiconductor industry. Reac- 
tion products are nitrogen oxides and aluminum trlfluo- 
ride. 

[0012] In the petroleum industry, activated alumina 
has been used to remove trace quantities of HF from 
alkylation off-gas. In such processes, the AI2O3 is con- 
verted to AiFs by reaction with the iHF and water Is the 
byproduct. There have been no operational problems 
caused by the transfomnation of AI2O3 to AIF3. 

BRIEF SUMMARY OF THE INVENTION 

[001 3] According to our Invention, the removal of flu- 
orine from the waste gas of a semiconductor fabrication 
process can be accomplished in an effective and effi- 
cient manner using carefully controlled conditions for a 
fixed bed of activated alumina through which the waste 
gas is passed. Plugging is avoided by using alumina 
having a total pore volume (TPV) of at least 0.35 cc/gm, 
preferably at least 0.45 cc/gm and by maintaining the 
fluorine concentration In the exhaust gas to 4 volume 
percent or less, preferably not over 3 volume percent, if 
the concentration of fluorine in the gas coming from the 
process chamber is higher than these values, nitrogen 
should be added to adjust fluorine concentration to the 
desired level. In this way It is possible to control bed tem- 
perature which should not exceed 500 ''C. The reaction 
should take place under ambient temperatures but the 
bed will heat up due to the reaction between the alumina 
and the fluorine. 

[0014] It is preferred that the particle size of the alu- 
mina used in the fixed bed be in the nominal range of 



about 1/8 inch to 1/4 inch and that the bed length to di- 
ameter ratio be less than 10 to 1 . Such a bed configu- 
ration can readily handle an exhaust gas throughput of 
50 to 60 liters per minute which is a typical waste gas 

5 flow rate from a semiconductor fabrication tool. Reactor 
pressure is normally somewhat below atmospheric, e. 
g. 14 psia, but atmospheric or higher pressures can be 
used. Higher pressures would promote the reaction but 
this condition should be controlled so that the bed tem- 

10 perature does not become so high that sintering occurs. 
[0015] This invention Is partlculariy useful when com- 
bined with the generation of reactive fluorine from NF3 
using microwave-generated plasma. 

IS BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE 
DRAWINGS 

[0016] Figure 1 is a schematic flow diagram of the 
process of the invention using a microwave generator 
20 to convert NF3 to free fluorine and dilution of exhaust 
gas with nitrogen prior to contact with the activated alu- 
mina in a fixed bed. 

DETAILED DESCRIPTION OF THE INVENTION 

25 

[0017] In the process of our invention fixed beds of 
activated alumina are used under carefully controlled 
conditions to react with fluorine present In an exhaust 
gas stream from a semiconductor fabrication operation. 

30 This exhaust stream can be generated In connection 
with a cleaning operation in which unwanted deposits 
are removed from a semiconductor etching tool or from 
a semk:onductor wafer. The exhaust stream can also 
originate in an etching or a CVD operation. Although 

3s fixed beds of activated alumina have been considered 
unsuitable for Fg removal from waste streams in other 
industries because of sintering and plugging problems, 
our invention enables this technique to be practiced in 
the semiconductor industry by carefully controlling the 

40 conditions of alumina pore volume and fluorine concen- 
tration in the exhaust gas. 

[0018] Fluorine reacts with alumina in an exothemiic 
reaction to form innocuous AIF3 and oxygen according 
to the following stolchiometry: 

45 

Al203 + 3F2 = 2AIF3+1l^02 

As the alumina converts to AIF3 a density change occurs 
50 that can cause complications leadlngto plugging of fixed 
bed reactors. The density of AI2O3 is about 4 gm/cc and 
the density of AIF3 Is about 2.88 gm/cc. Consequently, 
as the reaction proceeds the volume of the solids tends 
to expand to cause reactor plugging. This problem has 
55 been dealt with In the past by using a fluidized bed of 
alumina which accommodates this expansion. As has 
been xplained, however, use of fluidized bed reactors 
for waste gas treatment has major disadvantages in a 
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semiconductor fabrication plant. 
[001 9] The problem of plugging in a fixed bed of acti- 
vated alumina is addressed in the process of the inven- 
tion by using alumina having large porosity In Its struc- 
ture and limiting the fluorine concentration in the ex- 
haust gas stream. The porosity of the alumina allows a 
density change without causing excessive pressure 
drop across the reactor or resulting in bed plugging. Lim- 
iting the fluorine concentration In the exhaust stream 
controls the heat generated by the reaction of fluorine 
with alumina which if excessive can result in the devel- 
opment of hot spots within the bed with consequent sin- 
tering of the alumina, thereby causing bed plugging. The 
fluorine ieve! in the exhaust stream can be reduced, if 
necessary, by the addition of nitrogen prior to passing 
the stream through the alumina bed. 
[0020] For each volume percent of fluorine in the ex- 
haust gas passing through the alumina bed, the adia- 
batlc temperature rise can be as high as 159 °C. At a 
fluorine concentration of 3 volume percent, the adiabatic 
temperature rise in the bed would be about 480 'C. well 
below the melting point of alumina which Is above 2000 
"C. In the operation of our invention, the fluorine con- 
centration does not exceed 4 volume percent, and pref- 
erably is 3 percent by volume or less. This level of con- 
trol will accommodate most semiconductor waste gas 
streams which typically do not exceed 3 volume percent 
of fluorine. Diluting the exhaust stream with nitrogen, 
however, is an effective control technique, which can be 
regulated In response to a temperature measurement in 
the alumina bed. 

[0021 1 The required porosity for the activated alumina 
can be expressed in temns of its total pore volume which 
should be at least 0.35 cc/gm, preferably at least 0.45 
cc/gm. Operating in compliance with this requirement of 
high pore volume for the alumina in combination with 
the temperature control described above provides effec- 
tive removal of fluorine from the exhaust stream without 
undue pressure drop through the alumina bed. An ex- 
ample of a suitable alumina is Alcoa's H F-200. This ma- 
terial Is used in the petroleum industry to remove trace 
quantities of HF from aikylatlon off-gas. By using this 
highly porous activated alumina for fluorine removal 
from waste gas, the density change occurring during the 
reaction between the AlgOg and Fg is accommodated 
within the alumina particle rather than by swelling of the 
bed volume which leads to plugging. 
[0022] Referring now to Rgure 1 of the drawing, a 
schematic flow diagram is shown for a process in which 
free fluorine is used to clean a semiconductorfabricatlon 
process chamber. Microwave energy is passed from a 
source 10 through waveguide 11 to applicator 12 into 
which NF3 Is fed through conduit 13. Energy source 10 
can be mounted directly on applicator 1 2 without the in- 
ten/ening waveguide as described in U.S. Patent No. 
6,029,602. . . 

[0023] Plasma generated in applicator 1 2 ionizes the 
NF3 forming free fluorine radicals that are conveyed to 



process chamber 1 4 through conduit 15. Contaminating 
deposits in process chamber 14 are reacted with the 
free fluorine and removed from the chamber in an ex- 
haust stream. This stream of waste gases is exhausted 
5 from chamber 1 4 through conduit 1 6 by pump 1 7. These 
exhaust gases are fed into columns 18 and 19 through 
conduits 20 and 21 , respectively. 
[0024] Columns 18 and 19 have been charged with 
activated alumina that has the required total pore vol- 
10 ume prior to its initial contact with the exhaust gases 
containingf luorine. The alumina is present as fixed beds 
in these two columns. Waste gas is fed alternately to 
columns 18 and 19 which are an-anged In parallel so 
that while one bed is on-stream the other Is being re- 
ts charged with fresh alumina or standing by In a ready 
mode. As soon as the on-stream bed reaches its capac- 
ity as indicated by fluorine showing up in its exhaust gas, 
the process gas is switched to the standby bed and the 
used bed Is recharged with fresh alumina. A particle fil- 
20 ter, not shown, can be installed upstream of the alumina 
beds, if necessary, to remove particulates from the off 
gas before it enters the alumina beds. Exhaust gases 
exit beds 1 8 and 1 9 through conduits 22 and 23. respec- 
tively. These gases which are essentially free of fluorine 
25 can be vented to the atmosphere or treated further If de- 
sired. , , . 
[0025] If it is necessary to reduce the fluonne level in 
the waste gas to 3 volume percent or below prior to 
passing the gas Into the alumina beds, nitrogen can be 
30 fed into pump 1 7 through line 24 or downstream of pump 
1 7 through line 25, thereby diluting the fluorine concen- 
tration in the gas feed to the alumina beds. This addi- 
tional nitrogen feed can be controlled by analysis of the 
gas feed Into the alumina beds with an override control 
35 based on temperature measurement within the bed it- 
self which ideally does not exceed 500 ^C. 
[0026] Other advantages and features of the inven- 
tion will be apparent to those skilled in the art from the 
following example which is illustrative only and should 
40 not be construed to limit our invention unduly. 



Illustrative Embodiment 

[0027] A CVD chamber is cleaned by ionizing NF3 In 
45 nitrogen carrier gas with a microwave-generated plas- 
ma and passing the gas stream containing free fluonne 
radicals into the CVD chamber were the fluorine reacts 
with oxide and nitride deposits, removing them from the 
chamber. Exhaust gas from the chamber contains 3.0 
50 volume percent fluorine and trace amounts of fluorides 
with the balance nitrogen. Exhaust gas flow rate is 55 
liters per minute. This gas Is passed into a fixed bed of 
Alcoa HF-200 activated alumina having a nominal par- 
ticle size of 1/8 inch and a total pore volume of 0.55 ccf 
55 gm. The alumina bed, having a length to diameter ratio 
of 8/1 , operates at atmospheric pressure and a temper- 
ature of 480 ^C. Exit gas from the alumina bed is essen- 
tially free of fluorine. 
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[0028] This invention has several advantages over 
existing technoiogi s that rely on combustion with hy- 
drogen or methane followed by wet scrubbing to remove 
the generated IHF. Th invention does not require fuel 
to "burn" the fluorine, nor does it generate a wastewater 
stream. Also, risks of corrosion are less since the proc- 
ess produces no HF. It operates efficiently since a gram 
of alumina can react with approximately one gram of flu- 
orine. The AIF3 formed is innocuous and can be easily 
handled. 

[0029] Other embodiments of our invention will be ap- 
parent to those sl<itled In the art from the foregoing dis- 
closure and the following claims without departing from 
the spirit or scope of the invention. 



Claims 

1. A method of removing fluorine from exhaust gas 
flowing from a semiconductor fabrication operation 
which comprises passing said exhaust gas into a 
fixed bed of activated alumina having a total pore 
volume of at least 0.35 cc/gm while maintaining the 
fluorine concentration in said exhaust gas passed 
to said alumina bed at a level not exceeding 4 vol- 
ume percent, and removing from said bed of alumi- 
na a gas stream essentially free of fluorine. 

2. The method of Claim 1 wherein said total pore vol- 
ume of said alumina is at least 0.45 cc/gm. 

3. The method of Claim 1 wherein said concentration 
of fluorine in said exhaust gas passed to said alu- 
mina bed is not over 3 volume percent. 

4. The method of Claim 1 wherein nitrogen is fed to 
said exhaust gas after it flows from said semicon- 
ductor fabrication operation thereby diluting the flu- 
orine concentration in said gas prior to passing it 
into said alumina bed. 

5. The method of Claim 1 wherein said alumina has a 
total pore volume of at least 0.5 cc/gm and a nom- 
inal particle size in the range of one-eighth to one- 
fourth Inch and the fluorine concentration of the gas 
stream fed to said alumina bed does not exceed 3 
volume percent. 

6. The method of Claim 5 wherein said alumina has a 
total pore volume of 0.55 cc/gm priorto passing said 
exhaust gas into said bed. 

7. The method of Claim 6 wherein said bed has a 
length to diameter ratio of less than 1 0 to 1 . 

8. The method of Claim 1 wherein said removing of 
fluorine is practiced in combination with the gener- 
ation of fluorine by exposing nitrogen trifiuoride to 



microwave-generated plasma that causes the for- 
mation of free fluorin radicals that are us d in a 
cleaning, etching or chemical vapor deposition in 
said semiconductor fabrication. 

5 

9. The method of Claim 8 wherein said nitrogen trifiu- 
oride is supplied to said plasma in nitrogen carrier 
gas and additional nitrogen is supplied to said ex- 
haust gas to control fluorine concentration in said 

10 gas passed Into said alumina bed. 

10. The method of Claim 8 wherein said alumina prior 
to contact with fluorine has a total pore volume of 
at least 0.45 cc/gm and the fluorine concentration 

IS in said gas passed into said alumina bed is not over 
3 volume percent. 
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